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1. GENERAL 


1.1 section provides REA borrowere, consulting engineers, con- 

^i^ctors, and other interested parties with information for use 
in the ^slgn of rural telephone systems. It presents, in particular, 
system de^gn coi^lderatlons pertinent to the preparation of the Area 
Covei^ ^algn (ACD), TE & CM Section 205, or Supplemental Loan Pro- 

S*and^sio^r 

tl^ REA TE «. CM-205, ^ 

first time ^ with ^creased emphasis (l) All one-party service, (2) 

1971 T^amisslon Criteria, (4) Station Carrier, 
Carrier, (7) Automatic Number Identi- 
flcati^ (ANI), (8) Subscriber Owned Equlpaent, (9) Van Type Metal Build- 
1“?!^ Control Switchboards, (U) Underground Cable and Con- 

dult, (12) New Services and (I3) Coaxial Cable. Designers must be famil- 
iar with these topics if they are to design the most economical system 
for on area. . 


1.3 Bie design criteria are Intended to reflect rural conmunlcatlons 
roq.ulramentfl for the 1970^8* Some primary concerns are: 

a. Expansion of telephone service to all rural homes. 

b. Emphasis on the provision of one-party service for 
elU subscribers. 

c. Aesthetics, ecology, employees and the public. 

d. Ahlllty to provide services upon request. 

e. Innovation of new subscriber services made economically 
and technically possible by advancements In electronics. 

1.4 Figure 1 shows the base for 797 REA borrerwers^ upon which new 
services and facilities will be superimposed in the 70*8. It 

shows for exanxple that 6l^ of the central offices have 200 Working 
Lines or Leas . How ein individual system differs from Figure 1 de- 
pends upon how up-to-date the system is. 
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system aM th» telephone plant required for the 

ties. The design is construction of the faclll- 

proposed eystem^d engineering Instrument influencing the 

economic feaslbuj^y”? Se aotermlnatlon of the 

Se* "“P* continually l„fo«*d hy 

filgn so that^importont^f^nto^^^ and pmposed characteristics of the de- 
of the design (such as thi* ^ Jointly considered. Major features 

sivo use of station carrier or auction of central offices, exten- 

arrler, etc.) must be coordinated with the manager. 

2. BASIS OK OBE E^IC® 

a«,a coverage eurvey 

scrlber reqSrL^ntf^^ Survey") vhlch forecaste eub- 

be avallabirl^IJ^te^ns^f^ ■■ 

-pa for tl. exlatlng areas vhere“Tln"Cl^"" p“Cel!** 

e'^^SeftTobf r by 

aide plant, general conStlSn^f°X^ex? routing of the out- 

facllltles,' STrouter^t 

Include factors lik*iv +a u ^ inquired, etc. The survey should 
construction ^ significant effect upon the cost of 

^ detenalned for toll 

Identification, b^rower nrovid^^f'if'? automatic number 

ing, etc. ' *>orrower.provlded toU boards, automatic •toll ticket- 

an annua,! cost as viu as^lrst co”^sir ^ »lt«=™t«a from 
3. ItWmMEHTAL SYSTEM EESIGN CONSIDERATIONS 
3.1 Primary Design Objectives 

able cost and to provide a sound baB^n^^e subscriber needs at a reason- 
this objective vUl be affecS bv ti^ i ^ a"'* ^ulfirUnent of 
^mandn for service and subs^b^r forecasting 

factor is the extent of knowl^ ? the design period. Another 

Knowledge of technological advances in the eom- 
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munlcatlona Industry which may change and improve the methods of pro- 
viding more economical and better service. The design should be as 
foxvard looking as possible and should incorporate recent developments 
to the extent that sufficient technical data is available to assure 
that now features are technically sound and econcmical. Developments 
that have not yet progressed to "BEA Field Trial Statxw should not 
appear in the design although they may become acceptable prior to 
the tine plans and specifications are prepared. 


^.12 Recognizing the above limitations, the program outlied in tte 
•* design 1 b baaed on forecasts of the anticipated service needs. 
The studies ore intended to arrive at the optlmim 

lected needs for service during and to the end of the desi^ perl^, 
LuaUy five years. In fast growing areas it my 
With long range planning In mind, the reduirements of the system to 
meet the estimated demands for the design period are prepared in su^ 
rmonnar that they will also provide for econcmicol system expansion 

beyond the design period. 

3.13 While long range planning vill help ^ f eaU^" 
design, the REA loan will generaUy be hated on tte co^eaU 

TiS L-de^r^rdV;^ 

^aliTw f^Utles capable of economical future e=cpanalon 

to meet the long range objectives. 

studies ore discussed in later paragraphs. 


3.15 


All design should be in accordance with 

standards es^lia^ed^ym^^r^^^^^^ 

^ri^^finr-rCoLtruction ^ 

index"). The system engineer stouW be t^ro^y 

Z^t^Ttau'^sigl!®to th^ appropriate sections during the design 
process. 

3.2 Use of the Area Coverage Survey Data 

3.21 The ds^nor^^sl^or 

r^TrM) S ..».!«»«. -u a.- 

• sire service, if at a3^. 
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S PravlousXy served by REA borrowrs, as a result 

on the MS Jn vlU be shown 

Bubaoribers. ^ ^ status or prospects as 

*>“ population Is 

establlsL^ta^i^^^^ therefore have a significant number of 
If fhm ^ ^ uncertain possibilities as future subscribers 

-cuy Z^lZT^r r TtoTZl"!""" 

data and the irmxrt-h -J * «*’Sineer and the owner to insure that the 
aubseqiinfLs^ ® “ Presented In the ACS are reflected In the 

T 8”^*’ “iSht develop frco 

diet two >^rd to px^. 

at all stages of the desim^r^^^' Therefore, the engineer should 
possible v^out incorporate as many flexible features as 

able that will ^618^1^ Carrier systems are avail- 

vide sexvl^^ZllZ ^ possible to pro- 

cable facilities or poas'mJ e^eTa'c^^^ ITfi^T" "" 

detailed Infonoatlon concerning i^com- 

Plant facilities after'^L* 


3.3 Analysis of Alternate Design Considerations 


Lspo^S^v'or"^? has the 

facilities on the^tesls ^ 

vices x^qulx^d. 'Thte^tldi*^: iTto“ ^ 

a. WyslB Of central offices-number, location, 
size, and type of equipment, 

"■ s'e™?" facilities for upgrading 

”■ S= 


d. 
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Qft Choice of retaining or replacing serviceable 
p3Lant Items. 

f* Various methods of meeting transmission re- 
quirements ^ Including cooinon mode arrange - 
mant| iBdivldufiJL line treatment^ equalization, 
etc* 

g« Automatic toll ticketing, automatic line or 
number Identification* 

h* Extended Area Service (EAS) - direct trunks or 
taixdem operation. 

1. Division of toll line ownership; carrier and 
voice repeater ownership* 


J. Selection of microwave facilities* 

k* Use of xinderground facilities such as cable 
vaults, manholes, and ducts* 

3.32 The proper determination wlU be obvious for sen* ot ^ abow 
Iteme for a particular aystem. For others, an «con^c "^udy 
vlU he required using major design and 

Bible tune period analysis, such as the present worth of the annual 

oharsB** 

3*33 Application of Cost Comparisons to Specific System Designs 

o Vvrm th« ACS the engineer detcnBlnes the extent of the area 

Z Z^r and ^/^^mtlon of 

potential subscribers, and ^ S^n^lMor will know the condition 
field survey and plant record. ^ f^S"eI^d^»dltIons in un- 
and location of the existing ^ch can serve as a 

served areas. There may he a number ''“^l^rbTseleoted, 

basis for the eystem design. ^ l^^lneer should 

by visual inspection, for detailed ™ of algnlficant dlf- 

etudy and compare only those costs wWch in the results it 

fer^ in each plan. If “ ^itS^^^cIrcStrtiena-lBBlon, 

offers, such as quality of service, ooe when Interpreting 

etc. pwper weight must he given to the difference wne 

ths waits of th® ptudy. ^ 

* J..4AM ivAtiAllv be obtsdnod 

3.332 SuffiejUmt informatioo for ,a dae t*^ carrier, cen- 

from conporlng large si** »,jJJ^bulldlJig»* “ 

tral office '.qulP-nt, trunk^ n^d^tSy hlgl-r ia cost than the 
point la reaoljed where one plan la clearly nw» 

other the study cen be ended* 

3.333 

should be considered* 
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b. 


. plan that requires tlie minlnjum inltled 
Investment In plant facilities to serve the 
subscriber estimate* For example. Plan A- 
(aubstantlally all physical plant facilities) 
might have an annual coat about the sazae as 
Plan B with extensive amounts of carrier* If 
there is an extensive growth expected evenly 
over the full five years select Plan B, be- 
muse minimum physical plant can be expanded 
for growth with carrier equipment and 

ges deferred until the necessary channels 
are actually added later as the subscriber 
growth Rotates. Cable reinforcement will be 

if most of the growth In circuits occurs at 

mn A (the oU physical 
p:^} at the same coat will pemit substantial 

carrier likely to 

be available in five years* 

f reBpeotlve.plans to wuse 
existing plant In satisfactory condition where 
^Ing so would result In requiring significantly 
^ss new invests^nt. The pL whlc^ Sisea*^ 

Sl^^ thTl"" existing plant and If It 
oe favored, other things being equal. 

'■ reepectlve plans to pro- 

Pated growth or unplanned service demands. 

*' S—H*" - 

rate. iQcieaelng at on accelerating 

^ nrft'cost ““ aeslgn choice 

^ cost Z 

to such tater"|« coa,)*rleona 

arrangement at varlops 


- 6 . 


REA TE & CM-204 


points. This would create an impractical and from an operating stand- 
point uneconomical design even though it might he shown that the theoreti- 
cal ftn*^*^*'* costa were lowest according to the analysis for each segment* 

3,336 In certain elements of project design, sufficient historical data 
have heen accumulated on which to predicate the choice of facili- 
ties without detailed analysis of the annual costs— for example, (1) when- 
ever burying cables in rural areas is practical, no ccmparison with aerial 
cables is necessary; (2) 2h-gauge cable and central office mounted vol^ 
frecuency rejwaters are more economical than 22-gauge cable without voi^ 
frequency repeaters. REA standards set forth in the Telephone Engineering 
and Construction Manual and various REA standard specifications are also 
frequently based on historical data. The engineer does not have to con- 
sider conroarisons for se^nents of plant where standards exist, however, 
this should not be used as a Justification for not making comparisons be- 
tween established and new techniques* 


REA TE & CM 218, "Plant Annual Cost Data for System Design Pur- 
poses," provides Information to assist In cost comparison studies. 
Typical depreciation and maintenance rates for various 
indicated. Whewj reliable data for the system being designed is avail- 
able, it should be used Instead. 


4, DBVEIiOPMEaST OF THE SYSTEM DESIGN 

Vbe p*rtt«r«Lph8 vhlch foUov outline some of 

foUo^ in comparing alternate designs and in preparing the detail* 

studies of the plan vhioh is finally selected. 

4,01 Location and Estahlishmont of Central Offices. 

4 011 The number of central offices which should be estabUshed to serve 
• S a*Su det^^d by maiang a study of tbe costs and advan- 

tages of several possible alternate arrangements. 

4.012 It win be seen that the 

central Offices requires the engineer to acwew a 

□ulred for trunk plant, central office equip- 
«ntC bSfdi^^ ^dTs) ^ diffezenoe. if any, in annual re . ven j^ and 

expenses between the plans. 

1 A « w-i mi-u a system which consists of only one central office 

4.013 As a for trunks, central office equipment 

r rs -S'- « 
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2rntml tU* oentodl office a^uiSHi^n^jj aad Itulld” 

tig c^stB are .'i^^aVtipilsd, To >>s econoiaical these increases must h® off-“ 
hy in outside piaiit. In certain areas the availability of 

antml cffice ciAsb rjy\y aXeo be a cunGlcleratlon, The best overall bol* 
nee ehoald -l^teraiaeu by studies of several alternate arrangements* 

4.,01*4 fa:; trutik grr/aps can bs eliminated between SEnall offices when 

eidstlag central office araas are consolidated* Combined trunk 
Cun b@ operated ^ore efficiently than small groups between several 
offices B Ifi ad'Utlon^ central office codes can bo kept to a mlnl- 
of slvce my ba saved; existing building space loay be utl- 
issl available, etc, Telephone companies must consider carefully 

&dvai.ta^g of planning for larger central offices at fewer locations 
replacing or avoiding easaJLl central offices with electronic switch- 
•tg wilLtSi. 


** .OIS 


nw *“iB »4 


i- tne 70*6 aubscrlbera in rural areas will be expecting services 
m pushbutton dialing, call waiting, thi'ee-way calling, 


fepeed collirig, facelmile, data service, etc,, now only avail- 


biffi In the Xar@8st cities and practical in large central offices* 


^•02 Centmi Olfics rJquipmeiit 


--Cfei A- t^mxiAXy pix)veri practical and economical to utilize unat- 
’iial central offices for switching local traffic. These 
connected to attended offices which serve as direct 
stance dlallr;g (DIK)) operator assistance and information centers, etc. 


<i*velopaent of rural service during the last two 
lli aubsoribers within txunsm^BirLrSS^. 

H«iii3tance is imixiw-Ani- become larger and more 

d iu^rniil:>a of tiie circuit by th^cpn^ signaling 

office en. ■{r»m«r,^ Central office equipment. New 

i the telejsiorw set. fL iScrexT 

-r i«,p extenders 

€ r®toir^d central office eauirjmpn+ <^entral office equlpoient. 

^ t&ey say be as low as 1000 ohms or should be investi- 

it.. li«„xiug l«,u can be°XnLd^:„r:Sly? 


Ismrd Direct Distance m«Hn« * 

«mrd W) is very desir^l^ omoes, 

'■ »l«^tlag ““""Iderable ^ou ®y®tem has 

«» this source, it is deSrX Jo aPPr<»Ci. 

oesiraoie to study means for eoatinu- 
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ing thio liicOEie# It is unHkely tliat either a large or small all inanu^_ 
toll switchboard can contini© to be operated econoaaicallyj therefore, 
the advisability of autonatic toll ticketing equipment should be con- 
sidered for existing large manual toll centers » Such equlpn^nt is now 
available to perform the ccmiplete accessing, timing, ticketing, and 
recording functions; newer types are now available that provide all of 
the necessary featinres for inter-toll access and aw caD(patible with 
Bell System equiiment® An end (Class 5) office can be equipped to fur- 
nish subscriber identification to an AMA center either Bell or Independ- 
ent owned* Identification of the calling number can be passed on verb- 
ally to an operator (ONI) for recording when the end office provides 
multi-party service* However, the preferred method is to transmit the 
C€LLLlag number automatically over the trunk to the AMA center when all 
one perty or one and two party service is offered* Seme types of ticket- 
ing equipment may also be adapted to handle '’person-to-person, " collect 
and special service (PPCS) calling* Access trunks to the toll office 
must be provided along with appropriate signaling apparatus* A quality 
of toll service is desirable that is comparable or better than excellent 
local sexvice (not worse than Pn*01 for toll trunks)* 

4*Oa4 A study must be conducted on the econcmics of methods for handling 
^oU it is essential that a conference be held with the 

connecting company Involved to obtain agreement for autcmatic toll ticket- 
ing of dialable calls and the foiwardlng of person-to-person, assistance, 
cwdit card, and similar calls to connecting cempany operators* TE & CM-157^ 
"Customer Toll Dialing," contains additional infoimation regarding the 
economics and the use of ticketing equipaent. It also outlines exanipaeB 
of the economics of automatic number identification (ANI) equipaent at 
ff P p Ti and medium size tributary offices. TE & CM-3aS discusses types and 
features of ANI equipment. An alternate method that is somewhat less 
costly is to have the calling subscriber dial on extra pre limina ry digit 
(circle digit) as a part of the access code* Although this latter tech- 
nique has been available for about ten years, its use is declining. BBA 
borrowers generally pwfer operator identification on party liiKS with 
ANI on Individual lines* 

4.025 For central office switching equipment, the engineer must develop 

the most suitable features to be indued* REA TE & CM-325> Appli- 
cation Guide for the Preparation of DetaU Central Office Equlpnent Require- 
ments" discusses many of the alternates to be considered. Common control 
equlpnent (electronic or crossbar) should be planned for new offices (1) 
over 1,000 lines or (2) where complex switching beyond the capability of 
direct control equipment is required. The capability of new centrd office 
equipment to handle anticipated new services such as pushbutton telephoMS, 
data sets, abbreviated dialing, call waiting, 911 emergency c alling s, etc., 
is becoming increasingly Important* 
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Jtcmcee vhere a borrower is faced with the 
in eubscribere and eervlcee required 
of existing step by step offices# Scats a! 


^ vlth additional Step-by-Step equlpaant 
^ple^ating with reglater-senders, op 
Wllqu^i to facilitate handles 


vlth comon control central office equip- 


^ "Ibffl ciSGlca should be 

m obtained. Data Is lafoimatlon that 

malm® data should^nM^"^ concerning the existing dial 

« ».<• •-» “ ■» "W»»- 


'*1 WIJJ. also be requlw 

^ P^lr- forT'S^rdn^;, TT. 


equip.. 


■3 SL;sr-^ Sis^A's.^ 


Wfice Area Boundaries 


«%lneer datemines fh- 

to serve 

, e areas. 


- -‘To”; 

'^s 2aS? 
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featureB of the area insofar as po office areais help 

.roads, etc., as the of* river or railroad crosaings or ot^r 

rifs.S’S.ssrr'iX <>»«*... .-i« » 

bo the suhecri^rs. 

lA. Central Office Location 

341 The location of the oentr^ eL^cSly^^' 

^ from which outside . L^tenance of the office 

„a, Bhd from Which “%^^etrical iu shape, 

flee location in their direction. 

.0<2 Computer programs have ^en ^ ^^it^t^al^and error comparl- 

f^central offices in ^^fr^ng W^t are usually employed 
.^a nf various locations and engineering 
rde°t^x;SfCthe Wire center in rural areas. 

.Oljij Practical considerations 2 bb ^Irehle location. 

shifted from ^he ideal ^catl^n to a of W at 

of these considerations ^ gather roads, fire ha^r^, 

uildlngs. to central office loca- 

The foregoing discussion applies prim^lyj^ principles, 

^?:^fTup. 

dial office is Involved. 

4.05 Study of Traffic I>ata 

re ru^sirr f^c^ rer^h 

ry^r'dlffpi- and '.nowledge of e^fpended ren 

and predicted growth. from 

. i-^-p-f-ic infornation available 

4.052 Some systems may studies which can I’e used to 

develop the needed trafii 
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iMivldual toll uaers should be adjusted or deleted If the traffic 
is yy&im Pi^pared on a par subscriber basiso 

Traffic tables and other data to be used in 

viU be found In the 500 Series of sections of the ^ T® & CS4« 


Generally, traffic studies are not required at th© ACD or Supple- 
mental Loan Proposal stage but should be made during the busy 
season Just prior to the preparation of central office plana and speoi- 
flcatlosist 


Correcting Canpany Services and Arrangemente 

In order that the telephone system may provide its aubacrlbers 
with service beyond the iiaaediate borders of that syatem, inter- 
connecting and interchange of traffic with a connecting company (or com- 
panies) will be necessary* Coordination between the owner and the con- 
necting coupony wlH be required to Insure such service* FEA Bulletin 
31 * 0-3 dlscuflsee this matter In detail and, therefore, reference should 
be made to It. The engineer should be thoroughly fai^llar with popo* 
visions of the Bell System standard traffic and operator assistance 
(DBA) agreements in order to assist the owner in working out satis- 
factory connecting company arrangements* Information on the traffic 
agreement will be found In HEA TE & CM 225, "Bell System Traffic Agree- 
ment*" 

i».062 Extended area service (EAS) is desirable between neighboring ex- 
changes having a definite community of interest with each other 
through school, business, or other association* See KBA Bulletin lOl-l 
Extended Area Service *" It Is essential that equitable agreements for 
EAS aiTangements and equipment cost sharing be negotiated with the con- 
necting companies involved* 


4,063 Connecting company agreements may have a significant effect on the 

the system* The terns of the traffic agreement may deter- 

desirable to consider automatic toll ticketing 

Sr arrange to time and ticket specific calls* 

aasistance and extended area service agreements may also 
affect design characteristics* ^ vo umy ivmio 


obtain a general idea of the possible connoc- 
de/elopin^thT^lm^*’^ undertaking the detail work of 

with a study tentative arrangiements, proceed 

^ the Sb^r. ®<»^l»tlon of the studies' to deter- 

serrtce areas, the engineer oent^ offices and their respective 

oompany or companies should meet with the oonneotlng 

and discuss tS^detailed^^u^ cha^s from existing ar- 

ne detailed requirements for improving transmission, 
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li^winpr^ite Lrther guidance to tbe engineer In the developoent of 
th@ systw dfiBlgn* 

l ^,065 the horrovera* engineer ahould review 

rangeaants to eelect the moat 

to avoid unnacassary equipoant as *ay res^At wmh oax 
rief S^t.Sftrro^otrL*.t^heek or voice frequency extensions 

of carrier are sugeaated* 

r Ls=gru2::.‘s.-ss*^ « 

2L?£H“MnJ; „-2; 2S 2SSS 

rc^^ertiTtuT' 

S; oi^ft^STa contract to determine the annual ex- 

notice of any delays in obtaining letters or contracts.) 

4,07 Outside Plant 

- sst 

buried plant can be used, ( 2 ) . . 4-hj.m vhate to use special 

5S.7n”-is r 

s-fessis^i su-*»> 

Facilities" ) or of adding plant on new rlght-of-vay. 

4.072 Buried Cable and Wire Facilities 

reduction In ^ burled plant 

;>SSrmO c^m-s horrowsrs. outside plant 
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c^mstructlcai vsis burled« See Figure 2 '^^veeta^ziit in Telfipjl^^n^ 
for the changing saakeup. 


4«07?2 Burled plant I 0 generally more economical on a first post basis 
than aerial or plant In conduit. Exceptions vhere tbls ®coj:y>mlo 
advantage may not be realized are in urban areas or are^ of extensive 
rook fonsatlone. In such cases^ a ccsablnatlon of burled end Plant 

aay prove to be the most economical constructlw for tbo systsipp Gpftdult 
my also be necessary although quite expensive. 


fe.crraa Although the correction of dau^ or faults ujay be more expensive 
in individual situations, burled facilities are much less exposed 
to physical damage than aerial facilities. Experience has shown that 
such corrections are needed less often. Fewer fallums laean longer 
periods of satisfactory operation and consequently, greater xellabilltv 
^proved eubscrlber satisfaction. Burled plant is particularly ad- 
frequent Ice stoiros and high velocity winds* It is 
ge^rally not exposed to power line contacts. In addition, burled nlant 

P^aorvatiott of the aeothetlo values S Se 

‘..OTti. Adveotagea for oonalderatloh of burled plant are ae follow.! 

a. Rapid construction Is attained 

b. Staking is less complicated 

c. Ihere are fewer right-of-way problems 

'*■ »'“«PtiMllty Of cUun^ee tvm 


“■ i^raJ^cior (falle.and .1,0. 

It la not aubject to wide temperature variations 

*'• Ke^nTl^^Se*-™* elementa that may 
Tn view of 'thA 

^-.rly conaldered Imp^etlcal or 
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U.0726 It iB deBlrabXe but not necessary to consider an entire eys^ 
(or even a whole exchange area) for burial* Sanetlaefl it will 
be neceesary to construct aerial plant in smaU towns because of ^ving 
or other utilities precluding economical plowing of telephone cable or 
wire, but conditions may be entirely favorable for burying the ru^ 
plant. Aerial Inwrts may be used where ledge rock is 
for meeting peculiar terrain conditions (such as ^ee) J 

economiool^buried plant construction but inserts should be kept to a 

minimum* 

4,0727 When using right-of-way for buried plant future reinforc^nt 
^ ' must be^neidered. The initial cable may be 
creased depth with the reinforcement at a lesser but safe dep^, or close 
tro^ e^Hf the right-of-way with the reinforcement near 
edge. Where futuw. plowing may not be practic^ ^ oversize cable 
flexible plastic conduit may be installed initially. 

4.0726 TO & CM^O. "DeBiga of B^led P^t," 

Of Buried Plant," TE & CM-642, "Staking of Buried Plant, ^ 86 
CM-fil6, "Electrical Protection of Buried Pl^t," discuss other consider- 
ations Involved in determining the application of buried plant. 

4.073 Miscellaneous Cable Items 

„fs:irc.dr?.r.ss s.sss," 

bed and continuing the burled facility. TE & uw-oxf 

fling Specifications" discusses this further. 

srs: :ss.“ sscrss 

X'ts srs; r 

it not be used. 

Ing objectives should be compared with the annual cost of ot r 

oBJeotlves. Other 

loop extendera, long line adapters, various ty^s of ^ 

and central office and field mounted voice ^ 

rate lihles may sometimes he desirahle for trunk circuits. 

4.073*. I-rge Size P-Pe- ^'^^/.“^trii^lSi^on^rSt 
for aerial or underground (in conduiu/ xn mlor 

tors are color coded according to a standard grouping (not fully 
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preferred outer covering Is corrugated altsslQisa 
m &r^rl&pped soldered seam steel tape with an outer polyethyleiMi 
It is referred to as stalpeth cable* These cables are juaau- 
iQ at arwift rd sizes up to 3^^ pair ^ gauge* Coarser gauges ooii«* 
are available vltb the maximum naaber of pairs being held to tiiat 
I size that vtOl give a dlaneter leas than 3*5 Inches* They my be 
for appU^ticgia vhere their electrical characteristics (lightning 
raaaalaalcHi) are found to be satisfactory* Situations to OMisldor 
In^A^lve large feeder cables. It la not desirable to Introduce fre- 
ffipi*oe opanlngfi in paper Insulated cable, ^ssurizatloo Is fm- 
■iy prided. If existing conduit Is filled with full size PIC oaMes 

^^^^rgrouod Cable 

coneld«red vh.n 




^•07^2 


leet &r 


^^•1®/ C o ncrete Amk^ .. 

in 90^ Of th, case, it it 70 ^ J^l«8 1. 1«X> 

In mk borrou*YM»t 
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1^*075 Joint Buried Plant Construction 

4.0751 Joint turial of electric and telephone facilities is the 

ment of both these in a caramon trench either by plowing or trench- 
ing. It may be classed as fixed separation where the^e^ctric 

cables are everywhere separated by a specific , 

randan separation which eliminates the minimum separation If specified 

x%Jes are followed* 

4 0752 Until the 1960 *b, almost all buried construction by ele^ric 

^ telWhoL cci>panleB waa separate from eaeh otter. ^ cent 
of trenching and precise separation of the cables pr^lously made It ad- 
vantageoue to place the facilities some distance apart. 

4.OT53 The fixed (minimum) separation distance reaulrement f 
buried plant usually means trenching wiU be 
cost wUl be increased. If this la a requirement In the area by 
or local code. It wiU probably be more econcralcal to place tte cables 
separately. When random separation is allowable, both 
ph^ cabLa may be plowed in together or laid In the same trench. 

4 0754 If the telephone company and the electric 
SLJed consUtion, coordination of a 
as length of Joint burled sections, depth of buri^, ^^''^wS^orof 

the cables, bonding, type of TcM 640 

distribution and service runs, etc., will be esse 

and its addenda. 

4.076 Aerial Cable 

4.0761 Aerial cable facilities have been stea^ly 

Arable to burled cables in terms of “^ted 

except for eooe extreme situations, ^oifltetlon 

color coded types are recoraraended, and described ^ cables 
PE-22. Ready access enclosures makes rearrangemen 
less costly than paper Insulated types. 

utilities, o“<itlng and restoi^ concre^or^the^h^dj^^ 

and the fact that drops aw Lnual cost should not 

venlently and inexpensively but lowest rirsii or . 

be the only consideration. 

4.0765 ™ (b CM- 6 e 6 ^* 8 tlUHi« of 

Pol. Nu.b.rlng," W fc CM-6», rns _ cM-635. 

Layout," TO <1 CM- 63 O, "Design of terl^ &“eM! 63 ^"Aar^ Cable Plant 
"Construction of Aerlsa. Cayte-'P^t, ® ^ ° ^ ^ Line," 

Aasembly Units," TO r?, 'OM-6'50, "G>^ and Anchors on Wire ana 

TE fic CM- 815 , "Electrical Protection of Aerial Cable, provides detaix 
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m a j. c^-20^ 

^r$4al isktom&tloa oa cutilds plant dsaign* 


^oral Distribution Wire 

^.Orn. Fural distribution vlr« (RW) of the Jacketed type la ou accept- 
able facility that Is lover in initial cost than cable ajid Is 
satisfactory for llxslted usage other than for main leads* It does not 
a ^talllc shield* It may be suitable for short leads^ laterals^ 
or for temporary service* Distribution vire has been used 
as Insert in open vlre Lines where heavy foliage was encountered 
©r to facilitate Joint use vhare spacing vas critical* 

k%0riZ The absence of a shield causes distribution wire to be more sensi- 
tive than cable to power line noise influences and other external 
Interference sources* Ihere may also be variation in mutual capacitance 
t&e pairs and higher palr-to-palr capacitance unbalance which tend to 
Ijftcrease crosstalk. It should, therefore, not be used where the future 
or carrier equliiaent or voice frequency repeaters is even a possi- 




m'J* ”Deai^ and. Construction of Figure 8 Distribution 

^ficusees details of this construction. See also TE & CM-6II 
. Pole lines, and TE & CM-650, "Guys and Anchors on Wire and Cable 


Open Wire Facilities 

Although RSA borirovers stili hav» a «* 4 *i ^ 

^ application of open wire has laUes of open wire 

retlreoenta have been^ce^i^a n! 8«>aUy. For several 

For nev loops the use ®°“" 

. Cable type faclUtlerLml^Sn,.^^ tecooes a WBtlonable 

or carrier, can operate satleS^lit'^ ‘Jevices, pr<n>er load- 

Uetaooe. satisfactorily and economically to almost 

«*J^ler is atilTa Il^ef J “-If open wli^r^c>^n 

States* Cable or rural^d±BtFHwJ”^°^“®'^^ 

“ » „ .‘S.f sssijrs SoS-SX 

^ AS: 


Wire 
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4»08 Joint Ubo of Polea and Structural Coordination 


4*06l Joint use of poles of other utilities may offer opportunity for 
savings in aerial outside plant costs* While maximum benefit - 
can be expected from pole lines constructed especially for Joint use, 
there may be significant savings possible through the use of Bubscrlt>er 
carrier on electric pole lines. Subscribers more than 100 miles from 
the central office are being serviced with this technique. Iniportajxt 
considerations are rental rates, adequacy of pole strength, sufficient 
pole heights for required ground clearance, aind power and coinmunica.tions 
conductor separations to meet National Electrical Safety Code reqxiire- 
menta, or local code requirements if they are more stringent. (See 
TE & CM-^1, "Discussion of National Electrical Safety Code.") 


4.002 It is the engineer's responsibility to evaluate and Judge ttie 
desirability of Joint use as compared with other methods of 
construction. Potential noise and interference problems should not "be 
overlooked. When Joint use appears favorable, film arrangements con- 
cerning pole and attachment rental costs and costs associated with. eXectrl- 
cal protection, plus any modifications or additions required should "be 
determined. Safety considerations must be fully evaluated. 


4.003 Where aerial plant is proposed but general Joint use Is not pl&n- 
ned, the engineer should make arrangements for avoidance of con- 
flicts through the use of Joint pole crossings. Joint crossings are es- 
sential for cleeu^ce and power contact protection. A coordinated 
tection scheme should also be arranged. The use of the multi-pounded 
neutral of the power system ^f available) for grounding telephone c±^ 
cult protective devices and the use of the preferred grounds at sutoscrt- 
bers* premises for station protection should be Incorporated into tlids 
design. (See REA TE & CM- 803 "Subscriber Station Protection. ; 

4.084 Extensive Joint use has not been proposed by 

many years. Where extensive joint use Is planned, lo^ tem 
joint use a^ments are desired to assure ^ 

Ing occupancy rights and stability of renta^. This J-®, 

of security of long tom KEA loans. The engineer 

in Joint use negotiations and In mahlng economic analysis 

should be familiar with REA Bulletin 305-X covering Rf 

on Joint UM and the , standard contract fonns recannended therein. 


4.09 Interoffice Trunking 

4.091 A trunk study will be required to 

Of inter-office trunks between the vartoua central offioea 

4.092 These trunks are usuaUy derived from rived 

or cable(or open wire) carrier systems. Carrier m 
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ctrcolw are alao provldad on microwave radio vrtiich plays an Important 
part in deriving ^uay high quality trunk eysteiofl# (See paragraifli 4«l4)* 
In ruTsl eystema^ trunk circuits are usually in the same cable as sub- 
scriber loop circuits. As the use of data circuits increase and Impulse 
mlm beccaaet more of a problem separate cables vill become more coonon* 
Ibe eiaglneer mist select the method of deriving the trunk circuits ao- 
e&rdlng to the econoraice involved. In the economic analysle^ the time 
period ir. which various trunk requirements are anticipated will be an 
l^rtant factor to consider and may Influence the type of trunk facil- 
ity chcsen. the engineer should indicate on the trunking diagram of 
tn* proposed system the estimated 5-year trunking requirements for each 
truak "oup. It should be kept in mind in long range planning that 
exiatiiui, ripen wire trunk groups and carrier on open wire facilities to 
r^tAlned for the Innedlate future will likely be replaced due to 
unrel lability, maintenance and other considerations and provisions should 
ce mie in the trunking plan for their future retirement. 


«*• 


Since the trunk circuits which the engineer Is planning will often 
terminate in a central office owned by another company, it la 

tt» engineer work closely with the connecting company so 

operation of the trunks arT^uoUy 
- tp table to both the owner and the other ccmrosmy* The coordination c%f 
tU. pirn. Of the .ystom d*algn work should inducted 

^ agreements and the methods used to determine toll 


P~yldlng the trunk 

tft« e*ol»nee outald. plant reoulraMrito'^J”'^^ ***“ develojnent of 

w,k OabUa," -ktl,, "Cnlovilation of^^ Voice-Frequency Loading for 
fcmtered, Loaded Trunks," -ook Negative Impedance 

S^lflcaticaia REd tom 397b " Trunk Oarrler 

^^talTde-SL^in?^^^^^ ^ 

Of trunk plant. information related to the; 



Criteria 

oetween Bubaci^beim 



rBA TE & CM-204 


•hould be selected wherever poBslble. 

4.102 The 400 series of the REA TE & CM 

B^sorlber voice frequency transmission guidance. 

4.11 Carrier E<iuinnent 

11.1 on,.. 1060*8 saw the development of better and more reliable 

4,111 ^ through the use of solid state ccmponents. As a 
Tier equi^nt t^^ variety of transistorized carrier 

result, there is now ayailab Titles Ttelephone systems find 

s «si» ^ 

carrier M means for planning the reinforcement of existing faclli- 

tll fran a transmission signaling 

!iwtvii^rand frequently mokes it practical to provide service to sub- 
aton^lnt^d 1 q y should be chosen whenever the annual cost of 

s o^i -.«»■"» .srS- 

aAA^A aft r^aiiired* Expansion costs can be deferred In tnis man 
Lr.^TE & CM-901, "Fundamentals of Carrier Car- 

eer Systems and Carrier Frequency Transmission Through Cable , -822, 
"Electxl^ Protection of Carrier Equipment, contain additional Infom- 

atlon* 

4.112 some never types of carrier which are pulse c^ 

are lower in coat than analog type systems. The latest gener 
ation of subscriber carrier (station carrier) is available at a fraction 
of the cost of older types of equipment. The downward cost trend is e^" 
trco^tlnue In Se 1970*8, Most of the carrier equi^nt avall- 
Sle today requires a minimum of alignment during its installation and 
for mat^n^ce. Station carrier equipment has been developed for eiA- 
Bcri^r ^Hhich requires no alignment at all. This equipment has been 
designed for ease of maintenance by the telephone ccmpanles. Experience 
Bhows^hat telephone maintenance personnel not trained in electronics 
can maintain this equipment satisfactorily, 

4.113 Trunk Cable Carrier 

'4.liir Several types of trunk cable carrier arc available today which 

(f.«<iueacy division) type w^^ ^ 

common use in the telephone industry for many years. With the advances 
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in etate circuitry this equlfment has been improved and la v»w 

T^re have been few new developmente in the analog trunk 
In the paat five years, therefore, Its use should be avolded^lf 
^f^rt range carrier aysteras of this type can be used for ^c 4.-5 

other type, have a longer ^0 

-.113a KM equlpoent neea Integrated circuits and Its cost t«.na= 

tlnue downward. The range of pcm trends con- 

KX) allee; each syatem can provide 2k channels on 2 ^ 

ccEpasses mny new Innovations such as self-checking 

nals, interrogation of line repeaters from th*^+ ^ circuits at the terml- 

>r«ch raqal^^uallaatlon tolng In^SlX^i™ «Peaters 

«tn.ctlve use. installation. These features aaJce PCM 


** • 


U3. 


because the^p^atli^d Un^s^Sbirh^^ sliould also be considered 
t^e used lor handling wideband data rvitin transmission can 

Provlcte 50. 250. 5M klim ?”* available which c“ 

la possible to providA /»r*-vj x. <^ta chaimels over a T1 lln^ t^. 


*..U35 


In the United States trunks --tanoes. 

e'Is* long haurtu°^^^^ genemUy been 

ea» have been in xha ^age. However, coaxial car- 

ihor+L ViBtti A. *_ v«»A — 


J^ier systems hav/^ toU usage. SeneraUy be 

interftst u now dew?” J” '^'tespread use for shor^'h*'^ 

lu eru>r*aou8 circuit can^if” Canada and the United ^ Europe, 

if picture *-^1 ®*Publlity Will be States because 

b« ^ ^ provided ^ exchanges, 

* 100 tn4e.“ ^*^'1 analysis when there IWs^ht 

xequlrenents fatmort than 

k . 11 36 jt ^ 

I«>» Of the carr^...^?^ P*nt of the rout^ of the route with the 

the cost of carTl«!"*^*' neoessarv I^WhOy ejrten- 

b«noolJ ^’fiwont has eoonooto reasons. 

® «w»e typeT^t^®*'.' I* is Wnansencted®^?*’? »a»oed and trunk 
’^k«* Purthl^’ circuits shonW 

* »°»-®«ltched toU not 
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4*114 Subscriber Cable Carrier 

4*1141 Hew types of subscriber carrier (station carrier) systems devel- 
oped In the 19^*8 can serve as many as 6 one-party or 24 four- 
party subscribers located nearly 50 miles frem the central office over 
one 19 gauae cable pair. Station carrier is designed exclusively for 
cable facilities. It Is not intended to be used on open wire plant. Re- 
peaters and subscriber temlnala for this equlptaent are powered over a 
cable pair from the central office. Regulation is such that the chan- 
nel voice frequency loss is Independent of length of circuit and the re- 
peaters and channel equlnaent do not require adjustments during instal- 
lation or for maintenance. The installation is simple. The subscriber's 
teimlnal la located on a pole, in a housing above ground, buried in the 
ground or instSLlled in the home. 

4.1142 Extensive use been made of station carrier to provide ad- 
ditional circuits on cable facilities which cannot be readily 
expanded and thus insaediately provide for additional demands for ser- 
vice. Since this equiiment is easily installed, it can also be easily 
removed. Where it is likely to be an asset, for example, when the rural 
population is decreasing or where extensive future growth Is expected 
but the rate at which houses are to be built is uncertain engineers de- 
sign telephone systems employing the concept of a minimum of fixed plant 
and a of movable plant. The advantage is that the station car- 
rier may be bought in quantities over a long period of time Mhen 

needed and the initial investment noim^y required for extra pairs in 
cable facilities is avoided. 


4.1143 Subscriber carrier can be used to provide circuits in one loca- 
tion at points distant from the central office from which a dis- 
tribution of subscriber circuits is to be made. This avoids tte need for 
small centWLl offices throughout the area, and all central office eq^p- 
aont is concentrated in a larger office. Almost all types of ava l lia b le 
subscriber carrier can be used for this application-station carrier, as 
well as the older types of subscriber canrler eyetems which have been 
available for 10 years or more. 


^.ll44 Several types of single channel station carrier systems are awil- 
able which can be used on nonloaded cable circuits and reta^ 
the use of the voice frequency circuit. Ihls 

half the cost of multi channel station carrier and has found widespre 
use throughout the teleirfaone industry. 


4,1145 A 1971 version of sbatlon carrier provides a 

to 24 channels over a la type PCM carrier line (2 cable 
This unit is easily expansible to 96 subscribers by c«bi^ it 
an electronic switching arrangement. In addition to it 


of up 
pairs), 
vlth 
uee in 
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trailor parks, ohoppiiig 
U ©xpectsd to repla&a or bs a subotltute for 
atscrltarg could get tl^ moat modem telepthom© 
xmly located ccaaoa control switchboard. It has 
, approximately 100 lailea. 


sfflall dial Offices 


a 


9U and 912 deaorlbe station cawier aqulisaant, 


pen Wire Carrier 


r a 


T^i'iuislfltorlaed open wire carrier of +wv^« ^ 

available for both trunk and eubacrlb^pW 
where icing, frost bullduo ot* i-r»A should 

ly It should only be used wto iu. oth^r “T Problems, 

twea exhausted. economic alternatives 


a:.rs.sr sEs,‘.x“.."r “ » a. 

T/^ “szs 2 “.‘r ss*.;3isr„?ss.s.s;- 

ttsMad central office to the toU cSr ° the 

Vina carrier equlpEaem, ^ still aaay be a need 


wire subscriber ca»»r<«ve j -, 

Cau^r ^cX-- i 

open vi«. <=^er appucatlon. 


open viw. carrier appUcatlon, 

^sysical Plant systems ore need as a m® 

U<m syateiaa, attention should supplsffisnt- 

HbU for a Xar^nS^^ ^^^Posltlon 

“—s? "S' “ suit's.' s Ss 

~-'“*»u to, .‘Str 1 Js£, 
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4.12 Voice Frequency Rcpeatere 

4 121 Voice frequency repeatero ohould be used on medium len^fth (10-20 
m?l^ tSlIlnd EAS physical trunks to offset transmission losses. 

4.122 In many Instances the application of voice 

or flulLble loaded cable facllitlee may permit considerable sav- 
ings in the cost of the physical circuits by 
tors to be of a smaller gauge. Repeaters of this type will 
be a practical way to attain recommended transmlsaion levels on exist- 
ing trunks. 

4.123 Negative resistance voice frequency repeaters are re^onable In 
initial cost, are small In size, with D-66 loading they can be 

used at either or both end offices of a trunk circuit ^ 

mediate location. They are transistorized and equipped te operate fr^ 
48-volt central office battery with low current drain. They have built- 
in impedance matching features for easy adjustments. 

4.124 Negative resistance voice frequency repeaters are used for sub- 
scriber loop applications to extend loaded 19 gauge cable loops 

to almost 50 miles and also to utilize finer gauge cable conductors at 
shorter dlstnaces. Pole or pedestal mounting for field units have proven 
practical during the post five years. 


4.13 Common hk3do Operation (CMO) 

4.131 A technique for shoring voice frequency repeaters and long line 
adapters within the central office equipment switching ByBtem 

similar to the Bell System* s Unigauge switching system developed for #5 
crossbar and electronic switchboards has significantly reduced the cost 
of providing service in step-by-step p<ff4ooD. REA*b "comnon mode oper- 
ation allows a group of long lines to share use of a reduced nunfljer of 
long adapters and voice frequency repeaters, as the Intra-offlce 
trunks are shared. 

4.132 The orrongenKnt dedicates one or more linefinder groups and con- 
nector groups to the exclusive use of long subscriber loops. 

Adapters and repeaters are placed between the Unefindere and first selec- 
tors of the dedicated linefinder group. Elevated d.c. voltages ore used 
to increase the loop range. Repeaters are also used In conjunction with 
the dedicated central office connectors. In this manner, the nuniber of 
long line adapters and voice frequency repeaters required Is reduced to 
less than one third of the individual line requirements. 

4.133 CMD is most useful and econcmlcal where there are 20 or more long 
subscriber lines to make a step-by-step group for Sharing the long 
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15m arrangeraent can be used with nev central offices or 
viui exlefeJii^ eouipoent. In ccoanon control offices the breaks-'mn 
t.;mn 20 lines but less than 100. 


n ^ m h^, ^Design of Subscriber Loop KUnt Consnon Mod® Ongr 
aod ra & CM 331, "IHe Application of CamrSdTtoeSf- 
:« Equlpwnt," dlacuBB details of the method. 

Mlcro^ve 


l^t-to-polnt radio (microwave) is used to provide Vasa 

iSniT:: - ““H? 

« mosSuy ii^ ^laten^ce,°(l,) 


^•142 


sx; 's »; 

-uv... ss.s’r’' 


^•1^3 Trends in mlcrowav* 

!i) ^d^tii^ aevloes, 

-1, i- the ^ e^uip^nHit," ^?eo\^“ohan- 

& n 1. 1 .1. - 


%a%4 


*tulr,d. practical, vhe« bnlld2^~^^ 


^.1*»5 


^ the 6 o* 8 QAfl 1 r 

«* “*’' “oot active ^ receiv 

»r. operation is similar tol “'^liable in 

•w to a carrier frequency frogglng 


® A CM 930 '•ii 


REA TE & CM-201* 


^ vrr and FAA forms* 

TCC and FAA ^®“qu^^?Bel/*ction and radio inter fer- 

easo InoludBB informt^n „^”^^HALiication Oulde for Polnt-to- 

t;oe conaiaeratlonB. m ^ Fo*™ 397d,'’ 

Point Mlorctvfave Kadlo ggential to planning a trunking fa- 

Si5r-.S’^» 

k.l5 Mobile Radio 

k 151 Radiotelephone equipment is ft^'f^^owtlons . The 

rutile BUbBorlbers and 

manual type requires an operator t ^ operator munt dial the 

t^phone system and the wire the calling party. 

called party after unattended dial central offices. Mobile 

The dial type operates t^ugh ^tten^a ^Intenance of telephone sys- 

radlo la also useful in ^ ^ provided telephone system vehicles 

tern facilities. This l^^^Bcrlbers , or it may be pro- 

e^a^d^rinra^^tf rA- atnctly as an operations and maintenance 

tool* ,1 .. 

TE . c, » -IMS - i-»^4“‘s,risr„Ks 

’ the operation and 1 b eTwcellent tool in the 

Mobile radio in tele^one system facllitlee* Refer also to 

operation and 0^ Way Radio," for more inform- 

TOM 1092 "Oottlng the Most Out 01 lour i." 

atlon* 

4.153 subscriber r^o 

PBl and rrubfcrirte-r^iS^r Ar: T^^dio "W dedica.d to serving 
one to four subscribers* 

V. 4.^r,r, mimt b* obtained to construct and operate a 
4.15k F«!/“^°r^?^f°“5XBcaLun 385-1, "Pi^loan Procedures and 
radio faoUl^. Teiephone Equipment for Operation and 

Requirements Sy^ms and Subscriber Service," contain ad- 

Malntenance of 5jj,o te & CM 940, "Use of Mobile and Fixed 

ance*'*) 

4*l6 Analysis of Types of Station Equipment 

U 161 A study of the demand for various types of subscriber equipment 
mA S ^LTby the enginrer showing the number of v^, desk, 
*-«». anA v»v Rtatlonse paystationSi data aets^ pushbutton sets^ 
etc?^in order to properly prepare the cost estimate needed for the ACD. 


- 27 - 





the Carterfone decision in I968, telephone conpanlee can no 
Mmr prc^bit the connection of subscriber ovned equijsaent to 
carrier telephone llneB. Because of this, the probable quantity 
e® of subscriber owned eq^ulpnent should be estimated during the area 
survey* To an extent, the telephone systems* tariff will affect 
nta«e of stations, key systems, data sets, etc., that are sub- 
vT^d. Outside plant and central office facilities will flen-rAnv 
for the full number of such installations. seneraii-y 


i types 


Within sOB» systems, there will be a desire for centwv 
uccesft, facsimile, pxdvate branch exchanges and prlvate^automatip 


Design and Construction of Buildings 


ttot the elt. Of the la 


rJT u proposed structure is sufficient 
urcd to serve the system for 10 or more veaw* in ^ I eviuxiWD 
s® to consider, in addition to svitohi^^ ^ ^ ^ ^ future. Among 
tic equlp^nt i^qulr^;Je? 

. or perUihlr^ to hev =uhfcrr^ae^af^!“~ °°“- 


situation Involves: 
teeplng with other buildlnj^ ^ appearances Improving 

»f annual coate, including Particular location, (b) ccmparl- 

“t^cturea ^ 

f c^io^tr; vL“S:' 

« insumnce Se 

« their contents In the ^ applied to the buUd- 

* '>ullding and conS ^h "=*“ =o-»te 

►-a -n.^. * 


'3 m standard mascmry hulidin,, 

essential 

» ji. “ 


oooditi syBxems. 


extanalv. ^ 

tfeat Of e*i8tln« bo.V.. 

»^»lnr^ !l"^ileot examlM fh is necessary 

« ^ “^oPt and estSS^ CMt^or?.*"^ ^ 

°ost of the remodeling. 


CUMULATIVE PERCENTAGE OF BORROWERS 


Statistical Data for 797 HEA Borrowers REA TE & CM 204 

Showing the Base Upon Which New Services and 
Facilities Will be Superimposed in the Seventies 
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